INTRODUCTION
Combination methods that combine two or more therapeutic agents have become a principal treatment modality for breast cancer, especially for metastatic breast cancer [1] . The rationale behind combination approach is to enhance therapeutic response by targeting multiple pathways involved in the complex process of oncogenesis. However, none of the empirically defined combination of drugs such as taxanes/anthracyclins has been able to overcome the problems of drug resistance and metastasis in breast cancer and impart a satisfactory toxicity profile when administered to patients [2, 3] . In order to overcome the drawbacks associated with prevalent drug combinations, immunotherapy is proposed as a viable approach for developing targeted and safe treatment options for cancer [4, 5] . Advancements in molecular mechanisms of cancer cell survival have led to identification of new targets which can be employed for immunotherapy [6] . Cancer immunotherapy approach using immunomodulators, monoclonal antibodies or vaccines against tumor growth promoters, have shown benefit in preclinical models of many cancers and clinical trials [7, 8] . However since tumor cells often develop immune evasion mechanisms [9] , combination of tumor antigens may be used to counteract immune resistance by tumor cells. We hypothesize that combination immunotherapy based on potent tumor antigen and hormone, may present a viable approach to enhance the therapeutic landscape and effectively counteract the heterogeneous process of tumor development in breast cancer.
Survivin is a tumor antigen exclusively expressed on tumor cells, essential for cancer cell survival, and its overexpression is associated with aggressiveness of the disease [10, 11] . It has been widely explored as a candidate antigen for cancer immunotherapy [12] . Similarly, many tumor cells from breast, prostate, ovary or endometrial origin are hormone dependent for their survival [13] . Therefore, immune system mediated neutralization of hormones is also a key therapeutic strategy for hormone dependent cancers [14] . Immunization against hormones such as luteinizing hormone-releasing hormone (LHRH) using LHRH based peptide vaccines have shown efficacy as vaccine antigens in preclinical models of hormone dependent cancers such as breast and prostate cancer [15] . We have previously shown that preventive immunization with a combination of recombinant Survivin protein and an immunomodulator Mycobacterium indicus pranii (MIP) provides protection to Balb/c mice when challenged with syngeneic mammary tumor 4T-1 cells [16] . This communication describes the studies undertaken to determine the optimum dose of Survivin antigen for maximum tumor suppressive effect. Also investigated is the synergy between Survivin and LHRH fusion protein as vaccine antigens for immunotherapy of murine model of breast cancer. 4T-1 murine breast cancer cells not only display Survivin as tumor antigen but also have receptors for LHRH [17, 18] . Thus active immunization against both the Survivin and LHRH, is likely to neutralize Survivin and also make LHRH unavailable for uptake by the cancer cells, hence generate enhanced protective immune response directed against the cancer cells.
MATERIALS AND METHODS

Cloning and expression of recombinant mouse Survivin and LHRH fusion protein
Survivin and LHRH fusion protein, were used as vaccine antigens. These antigens were expressed as recombinant proteins using E. coli based host-vector systems as described previously [16, 19] . Survivin and LHRH fusion protein were purified as approximately 17 kDa and 14 kDa size proteins, respectively using affinity based Ni-NTA chromatography. Purified proteins were adsorbed on alum before administration as immunogens in mice. MIP was used as immunomodulator along with the recombinantly made vaccine antigens.
Immunogenicity and efficacy of Survivin vaccine in vivo
Eight-10 week old inbred Balb/c mice were used for conducting the immunogenicity and efficacy studies of the Survivin vaccine alone in vivo. For determining the optimal Survivin dose, study was carried out in 3 groups of mice. Mice were divided into 3 groups randomly with 6 animals in each group. Group 1 was administered phosphate buffer saline (PBS) buffer. While group 2 mice was administered alum adsorbed 20 µg Survivin vaccine (+ MIP), group 3 mice received alum adsorbed 50 µg Survivin dose along with MIP. Five × 10 6 cells of heat-killed MIP were used in each dose wherever required. Each group of mice was given 2 boosters of its respective dose at 15 d interval after the primary immunization. Sixty days after the last immunization, mice in all the groups were challenged with 3.0 × 10 5 4T-1 murine breast cancer cells subcutaneously. Third booster of the vaccine was administered on day 18 th after the challenge, when tumors were palpable. Tumor size was measured every alternate day till the end of the study. Tumor volume was measured bi-dimensionally with digital vernier calipers and tumor volume calculated using the formula: (a × b 2 ) /2, where "a" is the largest diameter and "b" is the perpendicular diameter. Tumors were palpable in mice in 18 d after tumor cell inoculation. Third booster of vaccine antigen(s) along with immunomodulator MIP was given intramuscularly at the same day when tumors were palpable. Tumor volume was measured till the end of the study. Mice were sacrificed at the end of the study and lungs were examined for the presence of pulmonary metastases.
Estimation of Interferon-γ levels in sera
Sera were collected from mice and assayed for Interferon gamma levels using commercially available enzyme linked immunosorbent assay (ELISA) kit (E Biosciences, United States) as per the manufacturer's protocol. Briefly, 96-well microtitre plate was coated with 100 µL/well of IFN-γ capture antibody at a dilution of 1:1000 and incubated overnight at 4 ºC. Plates were then washed thrice with PBST buffer (PBS buffer supplemented with 0.05% Tween-20) and then blocked with ELISA diluent (250 µL/well) at 37 o C for 2 h. Standard was serially diluted in ELISA diluent to obtain concentration in the range of 15-2000 pg/mL and 100 µL of standard of each concentration was added to the corresponding wells. Serum samples were pooled for each group of mice, diluted in ELISA diluent and added to the respective wells at 100 µL/well. Plate was then incubated for 2 h at 37 o C. Biotinylated anti-IFN-γ detection antibody was added to each well (100 µL/well) at a dilution of 1:1000 followed by incubation of 100 µL/well of Avidin-HRP diluted at 1:250 for 30 min. After washing, TMB was added in each well and incubated in dark for 15 min. Reaction was stopped with 2N H 2 SO 4 and absorbance was read at 450 nm. Standard curve was prepared by plotting the average absorbance of each standard on the vertical axis versus the corresponding IFN-γ standard concentration on the horizontal axis and fitted using 4 parameter logistic (4PL) regression analysis. Actual concentration of IFN-γ in mouse serum samples was calculated by extrapolating OD values using the 4PL curve.
ELISA
ELISA technique was used for the analysis of immunogenicity of the recombinant proteins in mice. ELISA plate (Nunc, Thermo Fisher Scientific, United States) was coated with 100 µL (5 µg/mL concentration) of recombinant Survivin or LHRH(6leu)-LTB protein, and incubated overnight at 4 o C. Plate was washed thrice with 10 mmol/L PBS, pH 7.4 supplemented with 0.05% Tween 20 followed by blocking with 2% Bovine serum albumin (BSA) in PBS buffer. Plate was washed with PBST buffer thrice. One hundred micro litre of the serum diluted at 1:5000 in PBS buffer, was added to the wells of the plate, and incubated for 1 h at 37˚C. HRP-labeled goat antimouse antibody was added at a dilution of 1:10000 to each well and color was developed by adding 100 µL of O-phenylenediamine (OPD) solution containing Hydrogen Peroxide. The reaction was stopped by addition of 50 µL of 2N H 2 SO 4 . Plate was read at 492 nm in an ELISA plate reader (ELX 800MS, Biotek, United States) and results were expressed as mean ± SD of absorbance values.
Ethics statement
Pathogen free female Balb/c mice used in the study were procured from National Institute of Nutrition, Hyderabad. Animals were housed at animal facility of Amity University Uttar Pradesh and were given ad libitum access to water and food. All experimental procedures were in strict agreement with committee for the purpose of control and supervision of experiments on animals (CPCSEA) guidelines for the care and use of laboratory animals and approved by institutional animal ethics committee (IAEC) of Amity University Uttar Pradesh.
Statistical analysis
Data was analyzed using two tailed student's t test. P value < 0.05 was reported as significant. Data was analyzed using graph pad prism software.
RESULTS
Optimum dose of Survivin antigen dose for the effective inhibition of tumor growth in 4T-1 model
We reported previously that the recombinant Survivin vaccine is efficacious in preventing the growth of 4T-1 based murine model of breast cancer [16] . Increase in vaccine dose from 5 µg to 10 µg, led to better immunogenicity which resulted in significant reduction in tumor suppression [16] . Therefore, it was decided to test if it was possible to employ doses higher than previously used 10 µg dose to inhibit the tumor maximally. Thus the studies were designed to evaluate the efficacy of the vaccine at 20 µg and 50 µg doses. Pathogen-free mice of similar weight (6 mice/group) were first immunized with alum adsorbed recombinant Survivin vaccine along with immune-modulator MIP. Mice were then challenged with syngeneic 4T-1 cells and observed for the tumor growth in presence of pre-formed anti-Survivin antibodies. Three immunizations of alum adsorbed recombinant Survivin and MIP were administered at 15 d interval following which 4T-1 cancer cells were injected at day 90. A booster of the Survivin vaccine was given at day 108 when tumors were palpable. Tumor volume was measured and continued till 35 d post injection of cancer cells. Figure 1 shows the volume of the tumor developed in mice immunized with 20 µg and 50 µg of Survivin protein administered along with MIP. It is evident from the Figure that significant decrease in tumor volume was observed in mice immunized with 20 µg dose of the vaccine (P = 0.04) in comparison to control mice. However increase in vaccine dose to 50 µg did not lead to any significant inhibition in tumor volume thus reflecting dose-inhibition related effects. Figure 2 shows the IFN-γ levels determined in the sera collected from immunized mice. Survivin at 20 µg dose induced higher levels of IFN-γ in comparison to 50 µg dose, which is in accordance with the observed efficacy of the anti-Survivin antibodies in preventing the growth of tumor at 20 µg dose. The mice in each group did not show any visible adverse effects of the treatment.
Active immunization against a combination of Survivin and LHRH fusion protein
After finding the optimal dose of Survivin vaccine, studies were advanced to investigate the additive effect of LHRH vaccine, if any, in terms preventing the 4T-1 breast cancer cells. Studies were carried out in 4 groups of pathogen free mice (6 mice/group). A group of mice was immunized by combination of alum adsorbed Survivin and LHRH(6leu)-LTB proteins along with immunomodulator MIP. Two groups of mice were injected with Survivin alone (+ MIP) and LHRH(6leu)-LTB alone (+ MIP), respectively. Mice receiving the PBS buffer formed the control group. Mice were immunized thrice at 15 d interval with combination or individual antigens following which 4T-1 tumor cells were injected at 50 th day. Boosters of the vaccine antigens were administered when the tumors became palpable. The tumor size was measured post 35 d of tumor cell challenge. Though LHRH(6leu)-LTB alone prevented the growth of tumor size in comparison to control group mice but did not reach statistical significance, inhibition was more significant with Survivin alone (P = 0.04). Combining it with LHRH fusion protein led to marginally better tumor suppression, P = 0.02 (Figure 3 ). There were no adverse effects of the treatment observed in the mice of each group.
Evaluation of metastasis of primary tumor to lungs
Mice challenged with the tumor cells were followed to evaluate the efficacy of the active immunization by Survivin and LHRH fusion protein alone or in combination in terms of preventing cancer metastasis. The secondary growth of the cancer was studied by counting the number of nodules in the lungs of the mice challenged with the tumor cells. Table 1 
Characterization of total IgG response
Sera collected from each group of mice were checked for the total IgG titre against the respective antigen(s) pre and post challenge with tumour cells. Both Survivin and LHRH(6leu)-LTB antigens were able to induce antibody response when used to immunize the mice alone. Combined immunization with both the antigens, also led to induction of both anti-Survivin and anti-LHRH antibodies thus confirming their immunogenicity (Figure 4 ).
DISCUSSION
Tumor antigens have been proposed as important therapeutic targets for cancer immunotherapy [20] . Immunotherapy approaches incorporating Survivin as tumor antigen have shown efficacy for elimination of cancer cells. Various approaches such as peptide vaccines [21] [22] [23] , multi epitope vaccines [24, 25] or DNA vaccines incorporating Survivin as vaccine antigen [26, 27] , have shown efficacy in preclinical studies. It has also been suggested that combination of Survivin derived peptides with immunomodulators or immunomodulatory cytokines such as IFN alpha induces a significant overall survival in patients with advanced or recurrent urothelial cancer [28] . We have also previously reported that combination of Survivin along with MIP has potent dose dependent anti-tumor effects in a mouse model of breast carcinoma [16] . Our data suggests that MIP alone is not effective in preventing tumor growth (data not shown) however combining MIP with tumor antigen such as Survivin gives significant tumor suppression. MIP may work as immunomodulator and serves to enhance the immune response against Survivin antigen.
We have demonstrated in the present study that increasing the dose of recombinant Survivin to 20 µg induces most effective tumor suppression in murine 4T-1 model of breast cancer. Interestingly, further increasing the dose of antigen does not induce a tumor suppressive effect. Suppression of immune response at supraoptimal doses of antigen has also been previously reported [29] [30] [31] . We hypothesize that high dose Survivin antigen may induce a suboptimal or anergic immune response which may not be able to inhibit the tumor growth.
Interferon-γ secreted by Th1 CD4+ T, NK cells, CD8+ T cells, APCs and B-cells is known for its anti-tumor effects [32] . It has role in rejection of transplanted tumors and inhibition of formation of spontaneous tumors [33, 34] . Data presented in the present studies also show higher levels of IFN-γ at 20 µg dose of Survivin than the 50 µg dose which is in agreement with observed better suppression of tumor with 20 µg dose. Previous studies have confirmed the important role of humoral immune response in providing anti-tumor immunity [35] . Our studies also indicate that antigen specific antibodies were induced after immunization with tumor antigens which possibly have contributed to tumor suppression. A recent study by Fenstermaker et al [36] has also demonstrated therapeutic effect of monoclonal antibody against Survivin in vivo in murine glioma model.
Many of the premenopausal breast cancers are also hormone-dependent which rationalizes the use of LHRH agonists as an effective treatment option in breast cancers [37] . Various combinations of LHRH agonists such as cisplatin loaded LHRH nanoparticles which have shown good anti-tumor response in 4T1 breast tumor model by accumulating higher cisplatin in tumors [18] . Another conjugate of LHRH, PtMal-LHRH (activated cisplatin linked to LHRH peptide with a malonate linker) showed targeted delivery to cells expressing LHRH receptors. Treatment of 4T1 breast cancer with Pt-Mal-LHRH reduced tumor volume and metastasis to lungs [38] . We evaluated the possibility of using an immunotherapy based on a combination of Survivin and LHRH fusion protein in 4T-1 murine model of breast cancer. LHRH(6leu)-LTB, a vaccine developed for the immunotherapy of androgen dependent cancers, was used as an immunogen in combination with Survivin along with immunomodulator, MIP. The idea was to generate anti-LHRH antibodies to neutralize LHRH making it unavailable for intake by the breast cancer cells through the receptors. It was observed that efficacy of the combination was marginally better than the Survivin alone but significantly better when only LHRH(6leu)-LTB was used along with MIP. More importantly, combination was best at preventing metastasis of primary tumors to lungs.
Our results show promising outcome in a prophylactic scenario. We undertook the prophylactic approach for two reasons: (1) to investigate if the immunization induces a tumor protective response in vivo; and (2) this prophylactic approach also closely mimics the clinical situation where primary tumors have been removed or adjuvant treatment for cancer patients has been initiated. In both these settings, the patients undergo surgery. Though patients are rendered free of tumor, chances of recurrence are very high. If translation of LHRH fusion protein and Survivin based combination approach is successful, it may find applications in such clinical scenario. We have also investigated the therapeutic potential of this approach by immunizing the mice carrying palpable 4T-1 tumor, which has showed similar suppression of tumor growth (data not shown).
In conclusion, we have shown the Survivin (+ MIP) at a dose of 20 µg is most effective in preventing the growth of 4T-1 breast tumor cells in mice. Incorporation of anti-LHRH vaccine exercises a synergistic effect. A schematic diagram depicting the strategy used in the present study has been shown as Figure 5 . Although our results show the protective role of combination immunotherapy with Survivin and LHRH antigens in murine tumor model, yet the study is limited by the fact the results need to be validated in other tumor models and further translational development needs to be undertaken for appropriate human application. Though it did not lead to much benefit in preventing the growth of primary tumor, it was highly effective in blocking the pulmonary metastasis. Our data suggests that combination of Survivin and LHRH fusion protein may hold immense promise for further development of immunotherapeutic approaches in management of breast cancers. The combination enhances immune response that is involved in inhibiting tumor growth, thus it will be effective in immune competent organisms and has to be supplemented with other therapies for use in immune compromised individuals. Furthermore, investigating the molecular mechanism of action of the combination leading to tumor inhibition may also lead to development of novel targeted therapies for cancer. 
ARTICLE HIGHLIGHTS
Research background
Tumor cells often develop immune evasion mechanisms, thus combination of tumor antigens may be used to counteract immune resistance. Survivin is a tumor antigen exclusively expressed on tumor cells, essential for cancer cell survival, and its overexpression is associated with aggressiveness of the disease. Similarly, many tumor cells from breast, prostate, ovary or endometrial origin are hormone dependent for their survival. Immunization against hormones such as luteinizing hormone-releasing hormone (LHRH) using LHRH based peptide vaccines have shown efficacy as vaccine antigens in preclinical models of hormone dependent cancers such as breast and prostate cancer. This communication describes the studies undertaken to determine the optimum dose of Survivin antigen for maximum tumor suppressive effect and the synergy between Survivin and LHRH as vaccine antigens for immunotherapy of murine model of breast cancer, 4T-1.
Research motivation
We undertook the prophylactic approach for two reasons: (1) to investigate if the immunization induces a tumor protective response in vivo and (2) this prophylactic approach also closely mimics the clinical situation where primary tumors have been removed or adjuvant treatment for cancer patients has been initiated. Major issues in cancer treatment are the recurrence of tumor after surgery and chemoresistance. Our study was aimed at targeting these issues and developing a strategy, which may prevent tumor spread and recurrence and can overcome resistance. Generating immune response in the body against the tumor antigens will be a safer way of treatment. Anti-Survivin approach may help in overcoming the problem of resistance to therapy.
The aim of this study was to evaluate the possibility of using an immunotherapy based on a combination of Survivin and LHRH fusion protein in 4T-1 murine model of breast cancer. LHRH(6leu)-LTB was used as an immunogen in combination with Survivin along with an immunomodulator, Mycobacterium indicus pranii (MIP) . It was observed that efficacy of the combination was marginally better than the Survivin alone but significantly better when only LHRH(6leu)-LTB was used along with MIP. More importantly, combination was best at preventing metastasis of primary tumors to lungs. In most cancer cases, the patients undergo surgery. Though patients are rendered free of tumor, chances of recurrence are very high. If translation of LHRH fusion protein and Survivin based combination approach is successful, it may find applications in such clinical scenario.
Research methods
Survivin and LHRH fusion protein were used as vaccine antigens. These antigens were expressed as recombinant proteins using E. coli based host-vector systems. Purified proteins were adsorbed on alum before administration as immunogens in mice. MIP was used as immunomodulator along with the recombinantly made vaccine antigens. Inbred Balb/c mice were used for conducting the immunogenicity and efficacy studies of the Survivin vaccine in vivo. Tumor volume was measured bi-dimensionally with digital vernier calipers and results are expressed as mean ± SD of tumor volume for each group. Anti-tumor efficacy of combination of Survivin and LHRH fusion protein in comparison to Survivin and LHRH fusion protein alone was also determined. Sera were collected from mice and assayed for Interferon gamma levels using ELISA kit. ELISA was also performed for the analysis of immunogenicity of the recombinant proteins in mice.
Research results
We have shown that Survivin (+ MIP) at a dose of 20 µg is most effective in preventing the growth of 4T-1 breast tumor cells in mice and incorporation of anti-LHRH vaccine exercises a synergistic effect. The study is limited by the fact that the results need to be validated in other tumor models and further translational development needs to be undertaken for appropriate human application. The combination will be effective in immune competent organisms and has to be supplemented with other therapies for use in immune compromised individuals. Furthermore, investigating the molecular mechanism of action of the combination leading to tumor inhibition may also lead to development of novel targeted therapies for cancer.
Research conclusions
Our results show the protective role of combination immunotherapy with Survivin and LHRH antigens in murine tumor model. Though it did not lead to much benefit in preventing the growth of primary tumor, it was highly effective in blocking the pulmonary metastasis. Combination of Survivin and LHRH fusion protein may hold immense promise for further development of immunotherapeutic approaches in management of breast cancers.
